Leaves of twenty-two (22) species of Combretum in Nigeria were examined for occurrence and distribution of different types and sizes of ergastic substances (calcium oxalate crystals). Fresh and herbarium specimens were used for the study. These specimens were wax embedded, sectioned, mounted and micro-photographed using Leica WILD MPS 52 microscope camera on Leitz Diaplan microscope. Results revealed two types of calcium oxalate crystals-crystal sand and druses. Based on the observed differences in the size of the crystals, three groups of calcium oxa- 
Results
The summary of crystal types, occurrence and distribution in the leaf blade of 22 Combretum species studied are presented in Tables 2-4 and Figure 1 and Figure 2 . Two types of calcium oxalate crystals (druses and crystal sand) occurred in the species with druses predominating. Crystal sand was observed only in Combretum sp. 1 (a new collection undergoing taxonomic authentication). Crystals were observed in the spongy mesophyll layer, palisade mesophyll layer, between the palisade and spongy mesophylls, between the palisade mesophyll and the adaxial epidermis (sub-epidermis adaxial) or between the spongy and the abaxial epidermis (sub-epidermis abaxial) as shown in Figure 1 and Figure 2. 
Distribution of Calcium Oxalate in the Leaf Lamina
In C. mooreanum and C. paniculatum Table 2 , the oxalate crystals were found in the spongy mesophyll, palisade mesophyll, sub-epidermis adaxial and sub-epidermis abaxial layers. However, in C. bracteatum, C. micranthum and C. platypterum it was found in the spongy mesophyll, palisade mesophyll and sub-epidermis abaxial while in C. cuspidatum, C. glutinosum, C. lamprocarpum and C. zenkeri, it occurred in the palisade and spongy mesophylls. The crystal was found in the spongy mesophyll and sub-epidermis abaxial tissues in C. confertum, C. constrictum and C. insulare. On the other hand, in C. collinum subsp. binderanum the crystal occurred in sub-epidermis adaxial and sub-epidermis abaxial layers while it was observed only in the sub-epidermis layer in C. collinum subsp. hypopilinum. The occurrence of the crystal in the other taxa studied include: C. dolichopetalum (palisade mesophyll and sub-epidermis adaxial layers), Combretum sp. 2 (palisade mesophyll and sub-epidermis abaxial layers), C. zenkeri and Combretum sp. 3 (spongy mesophyll layer only).
Calcium Oxalate Crystals Based on Sizes
Based on sizes, the calcium oxalate crystals found in the species were grouped into three namely ( Table 3) Table 3 and Table 4 ).
Discussion
Morphology, occurrence, distribution and sizes of crystals among plant species have been known to have enormous taxonomic value. The application of this character in the systematics of plant species have been emphasized by different authors [28] - [31] . Jordaan, et al. [32] reported the presence of large druses of calcium oxalate in sub-epidermal tissue of C. mossambicense. However, there is no known published work on the calcium oxalate crystals in Combretaceae from Nigeria. In this present study, two types of calcium oxalate crystals were identified based on their morphology (crystal sand and druses). Crystal sand occurred only in Combertum sp. 1 while druses were predominant and observed in all other species. Occurrence of crystal sand in Combretum sp. 1 remarkably distinguished it from other species. Furthermore, in C. mooreanum and C. paniculatum, crystals were observed in the spongy mesophyll, palisade mesophyll, sub-epidermis adaxial and sub-epidermis abaxial layers but the crystals in C. bracteatum, C. micranthum and C. platypterum, which varied in sizes, occurred in the spongy mesophyll, palisade mesophyll and sub-epidermis abaxial. In C. cuspidatum, C. glutinosum, C. lamprocarpum and C. zenkeri, the crystals occurred in the palisade and spongy mesophllys. The crystals were found in the spongy mesophyll and sub-epidermis abaxial tissues in C. confertum, C. constrictum and C. insu-lare. On the other hand, in C. collinum subsp. binderianum the crystals occurred in sub-epidermis adaxial and sub-epidermis abaxial layers while it was observed between the spongy and palisade mesophyll in C. collinum subsp. hypopilinum. The occurrence, distribution and sizes of the crystals in the leaf blade of other taxa are shown in Table 2 and Table 4 . The pattern of occurrence and distribution of these crystals in the leaf lamina of the Combretum species on one hand is an indication of the similarity (where inter-species crystal occurrence and distribution are similar) and on the other hand, differences (where otherwise) within the genus. Based on the similarity of occurrence and distribution of crystals in the sub-epidermal and mesophyll layers of the leaf, the 22 species of Combretum in this study have been separated into seven groups A-G ( Table 2) . It is worthy to note that crystal distribution have been useful taxonomic tool in other angiosperm families. Their occurrence, distribution and systematic importance in some angiosperm families are well documented [28] [30] [31] . In their work, Lersten and Horner [28] showed that in Fagaceae and Nothofagaceae, some species of the sub-family Castaneoideae have crystals occurring in their veins while others lack this feature. In a similar study, Sandra and Julio [31] employed the distribution of the crystals on the leaf blade of Salacioideae to improve the classification of the species where calcium oxalate crystals occurrence and distribution differ from species to species. Also in Asparagales, raphid crystals were completely absent [33] while in subfamilies Opuntioideae and Cereoideae (Cactaceae) different morphological types of crystals have been recorded [18] . Similar studies of the genus Peperomia (Piperaceae) revealed three types of crystal forms with species specific arrangements to certain tissues [34] . In the petiole of two Lantana species, Passos, et al., [35] showed that the vascular system organization pattern and the secretory idioblasts (visualized only in the cortex of L. camara) are good distinctive characteristics.
The distribution and variation in sizes of crystals among these Combretum species were found to vary from species to species. Among the different species studied, the position of the different sizes of crystals in the lamina varied from one species to another. Apart from the presence of these different sizes of calcium oxalate in the different tissues of the lamina, the combination of the different sizes varied from one species to another. Based on this the species could be divided into five major groups ( Table 4) . The first group is distinct from other species studied and contained only Combretum sp. 1 which has only small crystals (18.0 -72.0 µm; 50.21 ± 20.42 µm). These crystals were found in palisade and spongy mesophylls. The second group has species with only moderate size of calcium oxalate (90.0 -144.0 µm; 117.0 ± 20.60 µm) but occurring in different tissues in the lamina. Within this group, C. bracteatum, C. zenkeri and C. lamprocarpum have crystals only between the palisade and spongy mesophylls; however, in Combretum sp. 3 and Combretum sp. 4, the moderate crystals were found in the palisade, spongy and between the palisade and spongy mesophylls. Furthermore, C. platypterum, C. racemosum and Combretum sp. 2 have moderate crystals only in the spongy mesophyll while in C. confertum and C. constrictum the moderate crystals were found strictly in the sub-epidermis abaxial layer. Third group have large calcium oxalate crystals (180.0 -360.0 µm; 241 ± 44.57 µm) in different tissues in the leaf lamina. C. cuspidatum and C. hispidum have the large crystals in palisade, spongy and between the palisade and spongy mesophylls, C. insulare has the large crystals in the sub-epidermis adaxial and spongy mesophyll, C. glutinosum and C. sordidum have the large crystal only in the palisade while in C. paniculatum, they were found only in the sub-epidermis adaxial. On the other hand, in C. micranthum and C. collinum subsp. hyppopilinum, large oxalate crystals were found in the palisade and spongy mesophyll. The fourth group has both small and large calcium oxalate crystals in different positions in the lamina. C. mooreanum a member of this group has the small crystals in the palisade and spongy mesophyll while the large ones are found in-between the palisade and spongy mesophyll. On the other hand, C. dolichopetalum differed from C. mooreanum in that the large crystals are found in the sub-epidermis adaxial. Finally, the fifth group has only one species and this species has large and moderate crystals. The moderate crystals were in spongy mesophyll while large crystals were found in the palisade mesophyll. Though these oxalate crystals may occur in the same tissue, their sizes varied among the species, and these size variations are consistent. These results are however in tandem with Lersten and Horner [28] who reported predominant occurrence of large calcium oxalate crystals in the palisade parenchyma of some angiosperm.
Conclusion
The findings of this work showed that these characters (occurrence, distribution and sizes) of calcium oxalate in the leaf of the Combretum are valuable for taxonomic delimitation of members of the genus. These therefore constitute dependable diagnostic character especially when combined with other characters for the systematics of this genus. The findings of the study also agree with previous studies which showed that crystals as taxonomic character have phylogenetic significance [30] [36]- [39] .
